A directly heated lanthanum hexaboride tapered filament has been tested in a plasma generator. A uniform temperature distribution at 1820 K has been achieved. The heating and cooling power calculated from measured quantities are balanced. A maximum arc current of .80 A was obtained, limited only by the power supply and plasma generator. The cor.respondtng hydrogen ion current density was 0.6 A/cm 2 when the arc voltage was 80 V and the filament heater current was about 5 A. The filament was capable of emitting 100 A of current at an operating temperature of 1900 K. The estimated lifetime for this filament is 900 hours.
I. Introduction
Previous testing of lanthanum hexaboride (LaB 6 ) filaments(l) has demonstrated their capability of operation as cathode in high density plasma generators. In particular, these filaments were directly heated by an electric current. Many applications in modern technology require the cathodes to emit relatively high electron current densities. Since this means higher operating temperatures, filament lifetime becomes a factor because of evaporation. In addition, some applications require continuous operation and frequent filament replacement is undesirable. From the data presented in Ref(l) it is clear that La8 6 filaments provide a significant improvement in lifetime over tungsten or tantalum filaments.
In a high density plasma discharge where the filaments emit a significant electron current density, the temperature distribution along the filament is non-uniform. Thus only a part of the filament provides the bulk of the electron emission current and hence the lifetime is not as long as desired. As previously mentioned( 1 ) the electron emission can be made uniform over the full filament length by constructing it with a variable cross-section. Such a design has been followed( 2 ) for the use of tungsten filaments. In this paper, results of measurements made using a tapered LaB 6 filament in a plasma source are presented.
II. Filament Design
A rectangular LaB 0 filament having uniform thickness t and variable width w was chosen as the most useful shape. The correct width variation for constant electron emission was obtained by assuming a third order polynominal dependance of the width on the length beginning from the negative leg.
w(x) = w 0 + ax + bx2 + cx3
( 1 )
The coefficients w 0 , a, b, and c can be evaluated by considering the power balance at each point along the filament length. If the heat conduction to the filament chuck is neglected, then the power balance between heating by ohmic dissipation and plasma ion bombardment and cooling by radiation and electron emission can be written as
where Vw is the work function, ji is the local plasma ion density, I is the discha~ge plus heater current. p is the electrical resistivity, c is the emissivity. T is the temperature and j is the emitted electron current e density. The ion bombardment energy delivered to the surface V = (Va + vi + v -v ). where v is the discharge voltage. vi is the p w a ionization potential and VP is the plasma potential. Both the filament heater discharge current are assumed to flow into the negative leg and w is a parameter which depends on the total emission plus heater current. If the discharge is space charge limited, then the emission current is plasma density dependent instead of being temperature dependent, as it is for emission limited operation. In writing down the above relationship, the emission current density j is a chosen parameter. The filament length is e also a free parameter to be chosen for structural strength and for total emission current requirements. Once the plasma parameters are chosen and the filament length and thickness are decided, there is only one taper geometry which wi 11 provide a uniform temperature over the entire filament.
Operation at other source plasma conditions will result in a non-uniform. temperature distribution.
A parameter which may affect the emission of electrons from the filament( 3 ) is the self magnetic field of the current. This is not P included in Eq. (2) and its influence on the emission can only be inferred .j experimentally. An estimate of the electron emission current density was based on the arc current and the ion flux density. This estimate is compared (Table I) to one based on the measured temperature. In the power balance the plasma potential was assumed to be 3 volts, as has previously been measured in such sources( 4 ).
The first set of measurements shown in Table I had an ion current density higher than the design value (as high as 0.6 A/cm 2 ). For a given input discharge power the ion current density depends on the plasma production efficiency. Since the plasma generator was a closed bucket, the arc efficiency was high. As the discharge current was increased, the required filament heater current was reduced. The amount of the reduction depends on the ion bombardment power deposited on the filament compared to the power losses. When the ion current density reached 0.6 A/cm 2 with 80 A of arc current, the measured filament current in the positive leg was small (less than 5 A). The temperature of the four legs was fairly uniform (see Fig. 3 ): 1820 ± 20 K (Table I To compensate for the reduced ion heating. the required heater current was &0 A instead of 2 A. The average filament temperature was lower by only 5 K compared to case 1 and the temperature was fairly uniform. Again the power balance was close. For case 3 where the arc current was only 20 A, the arc voltage was 90 V and the heater current was 85 A, the temperatur-e was not as uniform {1&90 Kat the narrow end to 1&45 Kat the wide end). Note that the ion heating power is not the dominating factor and the temperature non-uniformity is related to the non-uniform ohmic heating along the filament. In this case the power balance is not so close.
In an attempt to match the design conditions the gas pressure was lowered and some permanent magnets were removed. The effect is to increase the anode area and thus decrease the plasma density. Upon matching the desired plasma density to 0.4 A/cm 2 , the filament current to 105 A, and the arc voltage to 85 V (case 4, Table I ) the temperature was not uniform.
-& - Operating conditions and estimated power balance. Filament operating with 90A of heater current.
Filament operating with an arc current of 60A at 70V.
-10 - CBB 848-6284 -14 -
